Objectives: Anti-TNF agents are effective to treat perianal Crohn's disease (CD). Evidence suggests that Crohn's disease patients with perianal fistulas need higher infliximab (IFX) serum concentrations compared to patients without perianal CD to achieve complete disease control. Our aim was to compare anti-TNF serum concentrations between patients with actively draining and closed perianal fistulas. Methods: A retrospective survey was performed in CD patients with perianal disease treated with IFX or adalimumab (ADL). Fistula closure was defined as absence of active drainage at gentle finger compression and/or fistula healing on magnetic resonance imaging. Results: We identified 66 CD patients with a history of perianal fistulas treated with IFX (n ¼ 47) and ADL (n ¼ 19). Median IFX serum trough concentrations ([interquartile range]) were higher in patients with closed fistulas (n ¼ 32) compared to patients with actively draining fistulas (n ¼ 15): 6.0 mg/ml [5.4-6.9] versus 2.3 mg/ml [1.1-4.0], respectively (p < .001)). A similar difference was seen in patients treated with ADL: median serum concentrations were 7.4 mg/ml [6.5-10.8] in 13 patients with closed fistulas versus 4.8 mg/ml [1.7-6.2] in 6 patients with producing fistulas (p ¼ .003). Serum concentrations of 5.0 mg/ml for IFX (area under the curve of 0.92; 95% CI: 0.82-1.00)) and 5.9 mg/ml for ADL (area under the curve of 0.89; 95% CI 0.71-1.00) were associated with fistula closure. Conclusion: Cut-off serum concentrations 5.0 mg/ml for IFX and 5.9 mg/ml for ADL were associated with perianal fistula closure. Hence, patients with producing perianal fistulas may benefit from anti-TNF dose intensification to achieve fistula closure.
Introduction
Perianal manifestations of Crohn's disease (CD), such as fissures, fistulas and abscesses are invalidating complications, that are associated with a reduced quality of life [1, 2] . Tumour necrosis factor (TNF) inhibitors are not only effective for the treatment of luminal inflammatory bowel disease (IBD), but also for perianal fistulas [3] [4] [5] . Before the introduction of anti-TNF agents, the management of perianal fistulas in CD patients was mainly surgical. Surgical options include chronic seton drainage, fistulotomy, ligation of the intersfincteric fistula tract (LIFT) or mucosal advancement flaps. Many patients also undergo (temporary) seton placement to facilitate drainage and to prevent abscess recurrence. The therapeutic efficacy of infliximab (IFX) in CD patients with perianal fistulizing disease was demonstrated in the ACCENT-2 trial [4] . IFX was effective in closing fistulas and during maintenance, the median duration of fistula closure was more than 3 months longer in responders receiving IFX compared to placebo.
In a meta-analysis of adalimumab (ADL) treatment for fistula closure in CD, complete fistula closure was observed in 36% of patients (95% CI: 0.31-0.41) and partial response in 31% (95% CI: 0.031-0.61) [6] . The combination of anti-TNF treatment with temporary seton drainage is the preferred strategy to achieve fistula closure, since this approach leads to faster fistula healing and a higher likelihood to maintain fistula closure compared to surgical intervention alone [7, 8] . However, reaching permanent fistula closure remains a challenge for both surgeons and gastroenterologists. The importance of adequate anti-TNF serum levels in order to achieve endoscopic remission in IBD patients has been investigated by several studies [9] [10] [11] [12] . However, increasing evidence suggests that CD patients with perianal fistulas might need higher anti-TNF serum levels compared to patients without fistulas [13] [14] [15] . Up to now, the latter observation has only been reported for IFX. The aim of this study was to compare IFX and ADL steady-state serum levels in CD patients with actively producing versus closed perianal fistulas.
Methods

Study design
In this retrospective study, all patients with perianal fistulizing CD receiving IFX or ADL maintenance treatment at the Academic Medical Centre in Amsterdam between January 2016 and January 2017 with available serum concentrations were included. After identification, patients were divided into two groups based on the status of perianal fistulizing disease and based on the time point at which the serum drug concentrations were measured: actively draining or not actively draining perianal fistulas. Serum IFX and ADL concentrations were measured with enzyme-linked immune sorbent assay (ELISA) and anti-drug antibody levels were determined using a radioimmunoassay antigen-binding test, which only detects anti-drug antibodies in the absence of drug (drug sensitive assay) at Sanquin Diagnostic Services, Biologics Lab (Amsterdam, the Netherlands) [16, 17] . Fistula closure was defined as absence of purulent discharge upon gentle finger compression by the physician and/or fistula closure on magnetic resonance imaging (MRI). Fistulas on MRI were defined as closed if the fistula tract was described as fibrotic. For a patient to be eligible for analysis, physical examination of the fistula had to be well documented in the medical chart. Time between physical fistula examination/imaging and serum drug level measurement could not exceed four weeks. Patients who underwent surgical interventions (i.e., ligation of intersphincteric fistula tract surgery or faecal diversion procedure) during this timeframe and patients with internal fistulas were excluded. For IFX, only trough levels (TLs) were used. For ADL, all serum drug measurements between two injections were eligible for inclusion, since all patients were on maintenance treatment and reached steady state [18] . Information about demographics, disease and treatment duration, fistula characteristics, dosing regimens, smoking status, immunogenicity and concomitant immunomodulator use was collected.
Statistical analysis
Descriptive analyses were used in order to describe baseline patient characteristics. The Mann-Whitney U Test was used for comparison of non-normally distributed variables. A receiver operating characteristic (ROC) curve was conducted to evaluate the accuracy of prediction of fistula closure by IFX an ADL levels and to determine cut-off values for serum drug levels and fistula closure. All reported p values were 2sided, and p values <.05 were considered statistically significant. Statistical analysis was performed using the SPSS version 24 statistical software [Armonk, New York, USA].
Results
Patient demographics
Sixty-six CD patients with perianal CD were identified. Forty-seven were treated with IFX and 19 with ADL. Patient characteristics are shown in Tables 1 and 2 .
IFX treatment group
Median [interquartile range (IQR)] disease duration was 17 years (IQR: 6.0-24.0) in patients who received treatment with IFX (n ¼ 47). Thirty-two out of 47 patients (68%) had closed perianal fistulas and the remaining 15 patients (32%) had actively producing fistulas. A significant difference was seen between median serum IFX TLs in patients with closed perianal fistulas compared to patients with actively producing fistulas (6.0 mg/ml [IQR: 5.4-6.9] versus 2.3 mg/ml [IQR: 1.1-4.0], p < .001) ( Figure 1 ). There were no patients with detectable anti-drug antibodies to IFX. An IFX TL 5 mg/ml was significantly associated with perianal fistula closure, with an area under the curve (AUC) of 0.92 (95% CI: 0.82-1.00), p < .001) ( Figure 2 ). Moreover, higher fistula closure rates were seen in anti-TNF naïve patients and patients receiving combination therapy with an immunomodulator (p < .05). A longer disease duration and prior endoscopically proven proctitis were both associated with persistently active perianal fistulas (p ¼ .01 and p ¼ .001, respectively). IFX dosing regimens per treatment group are listed in Table 3 . 
ADL treatment group
Patients treated with ADL (n ¼ 19) had a median disease duration of 10 years (IQR: 5.0-22.0). Thirteen patients (68%) had closed perianal fistulas compared to 6 patients (32%) with actively producing fistulas. Median serum ADL steady state levels were significantly higher in patients with closed fistulas compared to patients with actively producing fistulas (7.4 mg/ml [IQR: 6.5-10.8] versus 4.8 mg/ml [IQR: 1.7-6.2], p ¼ .003) ( Figure 3 ). Similar to the IFX treatment group, none of the patients had detectable antibodies directed against ADL. For ADL, a cut off serum concentration of 5.9 mg/ml was associated with perianal fistula closure (AUC 0.89; 95% CI 0.71-1.00, p < .01) ( Figure 4 ). Initiation of ADL treatment combined with seton drainage and treatment duration were associated with fistula closure (p < .05). None of the patients with closed perianal fistulas had prior proctitis, compared to 33% of patients with actively producing fistulas. ADL dosing regimens per treatment group are listed in Table 4 .
Discussion
In this study, we observed higher IFX and ADL serum levels in patients with closed perianal fistulas (confirmed by physical examination and/or MRI) compared to patients with actively producing fistulas.
The importance of seton drainage in combination with an anti-TNF agent in the treatment of perianal fistulas in CD patients is well known, although recurrence rates after initial Intensified regimen varied from: 5 mg/kg every 6 weeks (n ¼ 10), 5 mg/kg every 4 weeks (n ¼ 3), 10 mg/kg every 6 weeks (n ¼ 2), 10 mg/kg every 8 weeks (n ¼ 1).
closure remain high [7, 8, 17] . The importance of adequate serum concentrations to achieve clinical, biochemical and endoscopic remission in IBD patients receiving treatment with anti-TNF agents is well established. For IFX, a TL cut-off >5 mg/ml is considered therapeutic during maintenance thrapy [19, 20] . For ADL, steady-state serum levels >5 mg/ml are associated with mucosal healing [18] [19] [20] [21] . Interestingly, it seems that optimal cut-off points for anti-TNF serum levels may depend on the desired treatment goal (i.e., clinical remission, mucosal or fistula healing, etc.). It remains unclear if there is a maximum to therapeutic ranges of anti-TNF serum concentrations. Most evidence suggests that higher IFX doses are not associated with major side effects, such as an increased infection risk but an association between high IFX and ADL serum concentrations (i.e., >5.5 and 6.6 lg/ml, respectively) and impaired disease-specific quality of life in IBD patients has been found [21] [22] [23] [24] . Although treatment de-escalation seems attractive, also from an economic point of view, this approach should be applied with caution because individual patients may need higher serum levels than considered 'therapeutic' in the average population, presumably depending on the TNF load and regeneration.
The results of the present study demonstrate that higher anti-TNF levels are associated with higher rates of perianal fistula closure, which is in line with previous studies [13, 14] . Davidov and colleagues found a positive association between IFX serum levels during induction therapy and perianal fistula closure in 36 patients [14] . Patients with a positive effect on fistula closure after IFX initiation had higher IFX serum induction levels compared to patients without fistula closure. This finding was recently confirmed in a larger cohort of patients described by Yarur et al. in which higher IFX serum drug levels during maintenance treatment were found in patients with closed perianal fistulas compared to patients with actively producing fistulas (15.8 versus 4.4 mg/ ml, respectively, p < .0001) [13] . Moreover, they reported that patients with anti-drug antibodies, a phenomenon that is often associated with low serum drug levels, had a lower chance of achieving fistula healing (OR: 0.04 [95% CI: 0.005-0.3], p < .001). High local production of TNF in the fistula tract and in the surrounding tissue might explain the need for higher anti-TNF serum concentrations, but further research is needed to confirm this hypothesis.
It has to be underlined that fistula closure was mainly based on physical examinations in this study, hence it was not known whether the entire fistula tract was really healed. Although MRI is frequently used to investigate fistula tracts and to confirm closure, there are still no universal criteria for describing fistula healing and closure on MRI. In a study performed by Tozer et al., a trend toward association between stopping IFX maintenance treatment and fistula recurrence was seen in patients with healed fistulas confirmed by MRI [25] . The observation that inadequate drug-exposure can lead to re-opening of 'closed' fistula tracts suggests that these fistulas were perhaps not completely healed.
Our study has several limitations. The retrospective design is one of the major limitations of this study. All information about physical examination was extracted from medical charts. Fibrotic fistula tracts on MRI or fistula tracts with closed external openings described by the radiologist were considered as 'closed fistulas on MRI'. No differentiation was made between complex and simple fistula tracts, because this was only described in the MRI report in a small proportion of patients. Although we could not differentiate between simple and complex fistulas, the main message of this paper is that patients with perianal CD need higher anti-TNF serum levels compared to patients without perianal disease, which has important clinical implications. Future studies should investigate whether the complexity of fistulas is of impact on how much drug is needed. Lastly, biochemical or endoscopic data were not included in the analysis, since there was a considerable amount of missing data or in case they were performed out of the specified time-frame.
In conclusion, cut-off serum concentrations of 5.0 mg/ml and 5.9 mg/ml for IFX and ADL respectively were associated with fistula closure. Our results confirm the findings from Yarur and colleagues who found an association between higher IFX trough levels and fistula healing in CD patients [13] . To our knowledge, we are the first to report the same association for ADL. Hence, patients with actively producing perianal fistulas might benefit from anti-TNF treatment intensification to increase serum drug levels resulting in fistula closure but further prospective studies are needed to confirm these data.
